Abstract. The low efficiency of animal production using somatic cell nuclear transfer (NT-SC) procedures is considered to be the result of an incomplete reprogramming of donor cell nucleus, which leads to abnormal expression of developmentally important genes. We analyzed the abundance of gene transcripts of Insulin-like growth factor (IGF)-related genes in single embryos derived from NT-SC, and determined changes in the transcription of IGF-related genes in blastocyst and elongated stage embryos produced by NT-SC. The present results of an analysis of mRNA transcripts at two different stages of development demonstrate that bovine NT-SC embryos show deviations in their expression patterns with respect to IGF-related genes. Changes in the expression of the IGF family may be responsible for the altered growth characteristics seen in fetuses and offspring originating from bovine embryos obtained using the NT-SC procedure. Key words: Bovine, Embryo, Gene expression, Insulin-like growth factor (IGF), Nuclear transfer (J. Reprod. Dev. 55: [11] [12] [13] [14] [15] [16] 2009) number of cloned animals have been produced in various species by somatic cell nuclear transfer (NT-SC). However, the efficiency of animal production by NT-SC is still very low. In bovine cloning, a high rate of embryonic, fetal, neonatal, and postnatal abnormality has been consistently observed. The large offspring syndrome (LOS), which is the phenomenon of increased fetal or birth weight, is especially well known as a abnormality of NT-SC [1] [2] [3] [4] [5] [6] . Although the cause of such abnormalities is unknown, it is possible that LOS is correlated with abnormal gene expression in embryos or fetuses derived from NT-SC. Successful animal cloning techniques must allow for genetic reprogramming events that alter gene expression patterns from those of the donor nuclei to those of a normal embryo [7] . Several investigators reported [8] [9] [10] aberrant transcription patterns of genes, which have important roles in either preimplantation development and implantation, or early postimplantation development in bovine NT-SC embryos. Therefore, NT-SC embryos exhibiting abnormal expression of embryonic genes may be an early indication of incomplete reprogramming that could result in lower survival rates. In order to clarify the gene expression of insulin-like growth factor (IGF) receptors and their binding proteins in bovine NT-SC embryos, we have determined the frequency and relative abundance of gene transcripts in blastocysts (BC) and elongation (EL) stage embryos derived from NT-SC [11, 12] . Determination of gene expression in preimplantation embryos can be used to evaluate bovine NT-SC procedures, with the goal of improving the quality of embryos generated by NT-SC and ensuring normal offspring.
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Expressions for IGF-Related Genes in Bovine NT-SC Embryos at BC Stage
IGF-I and IGF-II, along with their receptors (Type I IGF receptor; IGF-Ir and Type II IGF receptor; IGF-IIr), play important roles in regulating fetal growth. The distinct role of IGF-II in fetal growth has been well documented using genetically modified mice [13] [14] [15] . A reduction of body weight was induced by decreasing levels of IGF-I [14] , IGF-II [13] and IGF-Ir [14] . In contrast, mutant mice expressing increased levels of IGF-II [16, 17] exhibited body weights that were 125 to 135% those of normal mice. In many biological systems, the bioavailability and effects of IGFs are modulated by IGF binding proteins (IGFBP-1 to -6; IGFBPs), e.g. by competition with IGF receptors for IGFs [18] . The expression of mRNAs coding for IGFBP-2, -3 and -4 was detected by RT-PCR analysis of bovine embryos throughout development to BC stage [19] . Alterations in the expression of the IGF family may be responsible for the deviated growth characteristics seen in fetuses and offspring originating from embryos produced using in vitro systems including NT-SC. In order to clarify the gene expression of IGF receptors and their binding proteins in bovine NT-SC embryos, we have determined the frequency and relative abundance of gene transcripts in single bovine BC derived from NT-SC, nuclear transfer using blastomeres (NT-EM), in vitro fertilization (IVF), parthenogenetic treatment (PA) or development in vivo (Vivo) by sensitive real-time PCR [11] . The results are summarized in Table 1 . In this study, mRNA for IGF-Ir and IGF-IIr was detected in all procedures, which is consistent with previous observations [20] [21] [22] [23] . We demonstrated that the IGF-Ir transcript was present in all embryos, and amounts of mRNA were not significantly different. In contrast, the transcript pattern of IGF-IIr differed with the origin of the embryos. Although the mean abunAccepted for publication: October 2, 2008 Correspondence: K Sawai (e-mail: kensawai@iwate-u.ac.jp) dance in NT-SC embryos was not significantly different than for the other procedures, the incidence of embryos with the IGF-IIr signal was significantly lower in NT-SC embryos (Table 1) .
IGFBPs are reported to have four major functions that are essential to coordinate and regulate the biological activities of the IGFs. These are 1) transportation of IGFs; 2) influences on IGF half-life and rate of metabolic clearance; 3) contribution to IGF tissue-and cell-specific distribution; and 4) modulation and potentiation of IGF action with receptors [24, 25] . We demonstrated that IGFBP-2 and -3 were expressed in bovine BC embryos obtained using various procedures (Table 1) . Interestingly, the abundance of IGFBP-2 and IGFBP-3 transcripts was greater in Vivo than it was in the NT-SC, NT-EM, IVF and PA embryos which developed to the BC stage in the in vitro culture system (Fig. 1) . In our study, IVF embryos were used as a control to identify those changes in gene expression which were a result of the origins of embryos and not of the in vitro culture conditions used. The relative abundance of IGFBP-2 and -3 in NT-SC embryos did not differ from that in IVF embryos. Therefore, it is possible that some environmental factor(s) of embryonic development were responsible for the differences in IGFBP-2 and -3 abundance in bovine embryos obtained using various procedures. However, the lower frequency of the IGFBP-3 transcript in NT-SC embryos may be due to the origins of bovine embryos. An abnormality of IGFBP expression in bovine NT-SC embryos was observed after implantation, whereas IGFBP-1 expression in artificial insemination (AI), IVF, and NT- SC placentomes was similar at Days 50 to 150 of gestation, the expression of both IGFBP-2 and -3 being significantly increased in placental tissues from NT-SC pregnancies [26] .
Changes in the Expressions of IGF-Related Genes in BC and EL Embryos Derived from NT-SC
As described above, we found that bovine NT-SC embryos at the BC stage show deviations in expression patterns with respect to IGF-related genes [11] . We next examined whether the deviations from the normal pattern of gene expression and development observed in the BC embryos persist throughout fetal development or even up to birth. The BC stage is the most common point in embryonic development at which systems such as in vivo production, IVF and NT-SC are assessed. EL stage embryos characterize a stage of development immediately preceding the recognition of pregnancy, onset of conceptus apposition or placentation, and formation of the extraembryonic membranes and embryo proper [27] . Both developmental stages are biological landmarks for embryonic development, and assessments of gene expression in these periods are important for clarifying the cause of the abnormalities in NT-SC embryos, fetuses, and offspring.
The transcripts of five genes were analyzed in individual BC and EL stage embryos derived from either NT-SC or Vivo ( Table 2 ). The transcript of IGF-II was not detected in BC stage embryos derived from NT-SC and Vivo, but it was detected at the EL stage in both groups. The transcripts of IGF-Ir and IGFBP-2 were detected with high frequency regardless of the origin and stage of the embryos. The transcripts of IGF-IIr and IGFBP-3 in the BC stage embryos produced by NT-SC were detected at lower frequencies. However, the transcripts of these genes were consistently detected at the EL stage. The relative abundance of each gene was obtained from the individual embryos, and the mean relative abundance is presented in Figs. 2 and 3 . The relative abundance of IGF-II transcript was increased significantly (P<0.05) in the Vivo embryos (Fig. 2a) . The transcript levels of IGF-Ir were lower at the EL stage than at the BC stage (Fig. 2b ). The IGF-Ir level was significantly (P<0.05) decreased in the NT-SC embryos at the EL stage. The transcript levels of IGFBP-2 and -3 are shown in Fig. 3 . The amount of IGFBP-2 transcript in both groups dropped to its lowest level at the EL stage and was significantly (P<0.05) lower than at the BC stage (Fig. 3a) . In contrast, an increase (P<0.05) in the level of IGFBP-3 transcription was observed in the Vivo embryos from the BC to EL stage. However, the amount of IGFBP-3 transcript was unchanged in the NT-SC embryos during development from the BC to EL stage, and the relative abundance of IGFBP-3 was significantly (P<0.05) lower than that in the Vivo embryos at the EL stage (Fig. 3b) .
Hashizume et al. [28] reported that there was no significant difference in the average length of bovine fetuses produced by the AI and NT-SC on day 60 of gestation, but the number of placentomes was about half for NT-SC compared to AI. In the present study, trophoblastic length did not differ significantly between the NT-SC and Vivo embryos on day 15. However, the extent of development and elongation in both groups demonstrated extensive variability similar to that described in a previous report [27] . Although the variation in the development of the conceptus between and within the NT-SC and Vivo embryos does not allow us to draw conclusions about the subsequent establishment of pregnancy beyond day 15 of development, it seems obvious that there were no morphological abnormalities in the NT-SC conceptuses at day 15 of development.
Based on our findings, there were no differences in transcript levels for the IGF-IIr gene in embryos from different origins and developmental stages, and this was consistent with previous observations using IVF and Vivo embryos [27, 29] . In contrast to the relative abundance of the IGF-IIr gene, the incidence of NT-SC embryos with the IGF-IIr signal was increased from the BC to EL stage by virtue of transfer to the uterus. Furthermore, the expression of IGF-Ir in the NT-SC embryos was significantly decreased from the BC to EL stage. Lazzari et al. [29] reported that although the level of the IGF-Ir transcript at the BC stage was significantly higher in bovine embryos produced from in vitro culture systems compared with embryos derived from Vivo, the level was significantly decreased by culture in the sheep oviduct. Maternal IGF ligands and many other components of the IGF system are expressed in the bovine reproductive tract [30, 31] , and their levels in utero significantly increase from day 15 to 18 of gestation [32] . The IGF receptor transcripts in bovine preimplantation embryos were influenced by IGF ligands [33, 34] . Therefore, changes in the expression of IGF receptors from the BC to EL stage may result in an improvement of the environment for embryo development on ET to the recipient uterus.
In the present study, a tendency was observed towards lower levels of IGFBP-3 in the NT-SC embryos. Furthermore, the NT-SC embryos at the EL stage had significantly less transcript for IGFBP-3 than the Vivo embryos. In a previous study [11] , the relative abundance of IGFBP-3 in BC embryos obtained by NT-SC was less than that in Vivo embryos but was not different from the levels in IVF embryos. The conditions for culture have been shown to strongly affect transcriptional activity in bovine embryos [10, [35] [36] [37] . Therefore, we previously concluded that some environmental factor(s) for embryonic development were responsible for the differences in IGFBP-3 abundance in bovine embryos obtained using various procedures. However, in the present study, the NT-SC embryos developed from the BC to EL stage in the same environment used for producing the Vivo embryos. The results of the present study clearly indicate that the deviation in the amount of the IGFBP-3 transcript in NT-SC embryos is due to the origin of the embryos not the environment during embryonic development. Although the expression of IGFBP-3 in the bovine NT-SC conceptus has been reported to be abnormal at Days 50 to 150 of gestation [26] , the present study showed that it was already altered in the day 15 conceptus. It is not clear whether the IGFBP-2 or IGFBP-3 transcript in bovine embryos is related to this specific phenomenon in NT-SC conceptus and offspring. However, as IGFBPs regulate not only the IGF system, but also cell growth and the activities of cytokines in various tissues [38] [39] [40] [41] , it is quite likely that differences in IGFBP-3 expression are fundamental to the placental abnormalities seen in pregnancies achieved with NT-SC. 
Conclusion and Future Prospects
Our results obtained from an analysis of mRNA transcripts in single embryos demonstrate that bovine NT-SC embryos show deviations in expression patterns with respect to IGF-related genes which are important for growth regulation of the fetus. Furthermore, the results of an analysis of mRNA transcripts at two different stages of development demonstrate that bovine NT-SC embryos show deviations in their expression patterns with respect to IGF-related genes. Changes in the expression of the IGF family may be responsible for the altered growth characteristics seen in fetuses and offspring originating from bovine embryos obtained using the NT-SC procedure. Further analysis of IGF-related genes in fetuses and placentae developed to the late stages of gestation is necessary to clarify the cause of the abnormalities observed in pregnancies of NT-SC.
There is much kind of genes which is important for regulating the growth of the bovine fetus. The recent development in cDNA array technology that allows the simultaneous determination of several thousands of such gene transcripts will provide a useful tool for the study. Further advances in the identification of DNA methylation status and histone modification patterns in NT-SC embryos would allow their use to investigate the causes of epigenetic abnormalities.
